Molecular pathways involved in the cyclic activity of frog (Pelophylax esculentus) Harderian gland: Influence of temperature and testosterone.
The Harderian gland of Pelophylax esculentus (previously: Rana esculenta) shows seasonal secretory activity changes. Specifically, the secretory activity reaches a maximum during the hottest months, i.e., July and August, drops in September and slowly increases from October onwards. Expressions of P-CaMKII, P-ERK1 and P-Akt1 correlate well with gland secretory activity; i.e., they peak immediately before the hottest part of the year (maximum secretory activity). When the gland activity declines, kinase expressions drop and remain low until February. Experiments of thermal manipulation indicate that high temperature induces the activation of CaMKII, ERK1 and Akt1, and at low temperatures, Akt1 expression decreases. Experiments of chemical castration indicate that the Harderian gland of Cyproterone acetate-treated frogs shows lower Akt1 activity as compared to controls, but the CaMKII and ERK1 activities remain unchanged. Furthermore, in a period of resumed gland activity (October-December) we observed the highest expression of PCNA, a mitotic marker. Immediately after the proliferative phase, we found the highest expression of caspase 3, an enzyme that plays a key role in apoptosis. In combination, the results suggest the following: 1) CaMKII, ERK1, and Akt1 modulate the annual secretory activity of the frog Harderian gland; 2) CaMKII and ERK1 activities are regulated by temperature, whereas both temperature and testosterone likely play a central role in Akt1 regulation; and 3) proliferation and apoptosis occur to restore and balance, respectively, an adequate cell number, which is essential to gland function.